Background: Selenium has a protective antioxidant effect on several tissues. Monosodium glutamate (MSG), MSG has been known as flavor enhancer that influences reversely on male reproductive systems and having a number of side effects, including reproductive toxicity. Objectives: The current study aims to evaluate the possible ameliorative functions of selenium nanoparticles (SeNPs) on MSG-induced reproductive toxicity. 
Introduction
Monosodium glutamate (MSG), is a crystalline powder which is white in colour [1] . MSG is a food additive and flavor enhancing [2] . The safe and toxic concentrations of MSG in foods of human is still a varied issue.
Gao et al. [3] found that the higher dosage of MSG caused injury in neonatal animals. Also, MSG is involved in male infertility by causing testicular degeneration and modification of the sperm cell populace and morphology [4] . In details, MSG actuates a critical oligozoospermia and increments of anomalous sperm structure in male rats [5] .
MSG has been involved in testicular hemorrhage and sperm cell morphology alterations [6] . Testicular morphological changes, testosterone level and sperm concentration were sensitive to high doses of MSG because it may cause to somewhat infertility in males. So the consumption of high dose MSG must be avoided [7] . Thus, The MSG using should be by the supervision of health authorities and should be limited to be used in very small amounts [8] .
Previous studies have revealed that both oxidative stress and changes in the antioxidant enzyme system are the two most important factors leading to reproductive dysfunction. In this context, Hamza and Al-Baqami [9] found that oxidative stress resulting in lipid and protein peroxidation due to MSG administration. Selenium (Se) is an essential trace element. It is incorporated into selenoproteins and representing the most important part of the active center of the enzymatic activities [10] . The importance of selenium (Se) for successful reproduction has been recognized. It is important in male reproduction due to its role in testosterone biosynthesis and subsequently in the formation and typical development of spermatozoa. Thus, Se is a key factor in spermatogenesis and male fertility [11] .
Nanomedicine has emerged as a boon to the present day pharmaceutical applications. Among different NPs, inorganic NPs of metals like selenium which possess a significant place owing to their unique bioactivities in nanoforms [10] . SeNPs serve as an attractive platform for drug and gene delivery that has been rapid in the last five years [12] .
Recently, elemental SeNPs have become a point of interest in nanotechnology treatment due to their unique biological activities and low toxicity. Based on the improved properties of SeNPs over selenium, they have been explored in various disease conditions. SeNPs offer improved bioavailability with the added advantage of decreased toxicity [10] .
Thus, the goal of the study was to clarify the antioxidant role of administration of SeNPs in mitigating the reproductive toxicity induced by MSG in two doses either low or high and to study SeNPs enhancing effect on reproductive capacities and antioxidant capacities in male mice in respect to the testicular oxidative damage induced by MSG.
Materials and methods

Chemicals
MSG (Monosodium glutamate (C 5 H 9 NO·Na) with high purity (99 %) was sold from (Universal Chemicals, India).MSG was used in two doses (High and low dose) MSG-low dose (17.5 mg/Kg); MSG-high dose (60 mg/Kg) [13] . SeNPs were obtained from Sigma Co. Dose of SeNPs are (1.7 ppm) [14] .
Experimental animals
Forty "30" to "35" g adult male albino mice were maintained in metal cages with good aeration conditions, by following the European guides on animal care no. (86/609/EEC). The mice were chosen and were handled by following the rules for the security of animal welfare, this work was approved by the animal ethical committee of Zagazig University, the Painful procedures were carried out under light anesthesia to minimize the stress that could inflict on the mice.
Experimental design
Male mice were divided into 6 groups: 1st control group was given 1 ml of DMSO (1%) as a vehicle; 2nd group treated with SeNPs dose (1.7 ppm), 3rd and 4th groups were treated with low and high doses of MSG (MSG-LD) (17.5 mg/Kg) and (MSG-HD) (60 mg/Kg), 5th and 6th groups were treated with MSG -LD + SeNPs and MSG-HD + SeNPs, treatment were i.p for consecutive 30 days for all groups.
Preparation of testis homogenates
Male mice were fasted for 8 h and then were light anesthetized by ketamine at the end of treatment to minimize the stress on the mice, then, the male mice were sacrificed by cervical dislocation. Testis tissues (∼0.23 g) were used to determine the oxidative stress, testis tissues were homogenized in ice saline sodium phosphate buffer (100 mM, pH 7.4), the homogenates were centrifuged at 10,000g at 4°C for 20 min. Then, the resulted supernatant was transferred into Eppendorfs and was kept till use.
Determination of the enzymatic antioxidant biomarkers in testis
Catalase activity (CAT) was determined by Aebi [15] . Superoxide dismutase (SOD) was estimated by Marklund and Marklund [16] . Malondialdehyde (MDA) levels were estimated by Ohkawa et al. [17] . Glutathione reductase (GRx) was assessed by Bio-Diagnostic kit.
Glutathione peroxidase (GPx) activity was determined by Hafeman et al. [18] . Myeloperoxidase (MPO) activity was determined by Suzuki et al. [19] . Xanthine oxidase (XO) activity was determined by Litwack et al. [20] .
Determination of the testosterone hormone and Inhibin-B level
Testosterone hormone level was measured by (Elecsys, Roche diagnostics) Elisa kit by Wheeler [21] . Inhibin-B was determined by using (Biomatik) ELISA kit, the detection range was (12.35-1000 pg/ml).
Determination of plasma 8-hydroxydeoxyguanosine (8-OHDG)
Level of (8-OHDG) was determined by ELISA kit using manual guide.
Histological evaluation
A part of testis tissues were fixed in 10 % neutral buffered formalin and by applying other processes as described by Gabe [22] .
The Single cell gel electrophoresis (SCGE) (Comet assay)
Testis tissues were put into a petri dish with addition of ice-solution of (Ca 2+ -and Mg 2+ -free HBSS), cells viability was indirectly determined by the comet images [23] . The assay was carried out in alkaline conditions. Collins and Dunsinka [24] . Then, the photos were analyzed [25] .
Statistical analysis
Data are expressed as mean ± S.E. Statistical analysis was performed by using one-way ANOVA by using Duncan's post hoc test. The Duncan's Test [26] was used.
Results
The oxidative stress biomarkers
There were variations in the antioxidant enzymes of the testicular tissues in groups treated with MSG in two doses either low or high dose. Current results showed an increment in MDA levels in the testicular Table 1 Effect of selenium nanoparticles (SeNPs) and Monosodium glutamate (MSG) in two doses (MSG-HD) and (MSG-LD) on MDA, SOD, CAT, GPx and GRx levels in testis tissues of male mice. (Table 1) . In MSG-groups either (HD or LD), SOD, GRx, GPx and CAT activities in testicular tissues were reduced significantly as compared to control group, particularly in MSG-HD group. Administration of SeNPs with MSG either MSG-LD and/or MSG-HD ameliorated the antioxidant enzyme activities as compared to MSG-LD and MSG-HD treated groups ( Table 1) .
The significant increase in the levels of MPO and XO were recorded particularly in MSG-HD treated group. These biomarkers were decreased and reversed to normal levels after the treatment with the combination of SeNPs with MSG-HD ( Table 2 ).
Plasma (8-OHDG) level
8-OHDG activity of MSG treated group particularly MSG (High dose) was significantly increased as compared with control group (Table 1) . Administration of SeNPs after MSG (LD or HD) administration decreased 8-OHDG activity as compared with MSG-LD and/or MSG-HD treated groups (Fig. 1 ).
Testosterone hormone and inhibin B levels
Testosterone hormone and Inhibin-B levels were reduced significantly in MSG-groups in two doses (MSG-LD and/or MSG-HD). SeNPs treated group elevated significantly both testosterone hormone and inhibin-B levels as compared to control group. While, treatment of male mice with SeNPs combined with MSG-LD and/or MSG-HD increased both testosterone hormone and Inhibin-B levels when compared to MSG-LD or MSG-HD groups (Table 3) .
Histological changes
The control group's testicular tissues were normal in structure with plenty of sperms (Black arrow) ( Fig. 2A) showed cells with normal spermatogonia stacked in several layers on seminiferous tubule.
SeNPs-group demonstrated normal seminiferous tubules and normal spermatogenesis with plenty of sperm (Black arrow) (Fig. 2B) . MSG-LD induced testicular structural variations by appearance of few number of spermatids (**) (Fig. 2C) . MSG-HD showing Leydig cells with hyperplasia and showing disorganized germinal epithelium with no sperm aggregations and some degenerated parts (**) (Fig. 2D) . The clear improvement was noticed in MSG-LD and SeNPs-group where there was some restoration of the germinal cells and some spermatozoa (**) with plenty layers of spermatogenic cells (Fig. 2E) . The seminiferous tubules with normal structure and mild sperm (**) with Leydig cells were found iMSG-HD and SeNPs treated group (Fig. 2F ).
Comet assay
Comet images of control group showed intact nuclei of testicular tissues, rounded cell with no appearance of tail (Fig. 3A) . The SeNPsgroup showed an intact nuclei with undamaged DNA (Fig. 3B) . MSG-LD group showed DNA strand and damaged breaks, the cell contains a head like a comet, and with tail appear as hollow area (Fig. 3C) . MSG-HD showed the appearance of highly damage degree with a lot of apoptotic cells (Fig. 3D) . MSG-LD + SeNPs revealed high amelioration of the cells as with a few record in the percent of damaged DNA (Fig. 3E) . MSG-HD + SeNPs showed more % of intact DNA molecules and less comet cell counts (Fig. 3F ).
Discussion
MSG pleasant taste has led to its inclusion as a flavoring agent in foods. Its excessive inclusion in foods has required its safety evaluation, which has raised the public concerns about its transfer into the blood and thus increasing the brain glutamate levels, thus causing functional disruptions and affected other organs of the body because MSG is a neurotransmitter [27] , this concern originally raised greatly and has led to an extensive series of scientific studies to examine this issue, conducted primarily in rodents.
The key findings have previously reported that MSG ingestion in the diet does not produce appreciable increases in glutamate concentrations in the blood as the blood-brain barrier effectively restricts the passage of glutamate from the blood into the brain. The brain glutamate levels rise only when the blood glutamate concentrations are raised experimentally via injection intraperitoneally [27] , this explain the cause of using the intraperitoneal injection of MSG in the current study instead of oral administration of MSG.
MSG is a flavor enhancer that is excessively used in many foods. Recently, nanoparticle molecules exerted protective roles against tissues injuries, therefore the main point of the present investigation was to assess the health implications after exposure to SeNPs in the testis of mice that induced toxicity using MSG in two doses either low or high dose, by evaluating the biochemical, histopathological and the genotoxicity testicular changes induced by MSG and the possible testicular protective effects of SeNPs.
According to Fernstrom [28] , The author concluded that MSG administration to various animal generation, the expected pathophysiologic signs resulting from MSG injection are not found in animals that consuming enormous amounts of MSG orally through their life cycles, also reported that injection of MSG help in crossing blood-brain barrier and thus confirming incidence of MSG toxicity. So, we want to give a real assessment of MSG reproductive toxicity and also to ensure that MSG crosses the blood-brain barrier and thus evaluate its side effects on reproductive tissues and thus the current administration rout of MSG was intraperitoneal.
In the current study, the LPO levels and testicular antioxidant enzymes activities which include SOD, CAT, GPx, MPO, and XO evaluated as markers of testicular damage in rats by MSG-induction, the results also showed that MSG in two doses either (MSG-LD) or (MSG-HD) caused a notable rise in testicular LPO and a concurrent diminish in the antioxidant state of the rats.
The increase in LPO suggested that MSG produced ROS which may result in oxidative destruction of the testicular tissue. Suppression of SOD and CAT in MSG-LD or MSG-HD treated groups could be due to the intensive increase in superoxide radical and H 2 O 2 and thus lead to the damage of the testis.
The elevation of LPO in MSG-treated mice is in parallel to the findings of Hamza et al. [5] . They found that MSG increased LPO in the testis of rats. Means within the same column in each category (mean ± SE) carrying different letters are significant at P ≤ 0.05, where the highest mean value has the symbol (a) and decreasing in value were assigned alphabetically. SeNPs: Selenium nanoparticles; MSG: Monosodium glutamate; LD: Low dose; HD: High dose.
Fig. 2.
Histological sections of the testes of mice of different treated group. The testicular tissues from control group was normal in appearance with plenty of sperms (Black arrow) ( Fig. 2A) showed cells of normal spermatogonia stacked in several layers on seminiferous tubule. SeNPs-group showed normal seminiferous tubules and normal spermatogenesis with plenty of sperm (Black arrow) (Fig. 2B) . MSG-LD induced histopathological changes in the testicular tissues as distended seminiferous tubules by some stages of spermatogenic cells, with few number of spermatids (**) (Fig. 2C) . MSG-HD showing Leydig cells hyperplasia and disorganized germinal epithelium and no aggregations of sperms and some degenerated parts (**) (Fig. 2D) . MSG-LD and SeNPs treated group where there was some restoration of germinal cells and some spermatozoa (**) as well as seminiferous tubules that were lined by numerous spermatogenic cells (Fig. 2E) . The normal structure of seminiferous tubules with mild sperm (**) with Leydig cells were found in the group that received MSG-HD and SeNPs (Fig. 2F) .
Whereas, GPx preserved against oxidative injury by minimizing H 2 O 2 to water [29] . Thus, the observed diminish in testicular GRx and GPx activity indicated the anti-fertility effects of MSG and strongly suggested that MSG may antagonistically influence the GSH metabolic pathway which promotes oxidative injury and reduces testosterone levels.
The current results were approved previously by Hamza and AlHarbi [13] who demonstrated that the testicular tissue damage main reason is the highly lipid peroxidation level which is clarified by high level of MDA and concluded that MSG caused promotion of oxidative stress by elevating the oxidative stress markers.
Additionally, Diab and Hamza [30] proved that MSG induced severe oxidative damage in sperms by affecting on the plasma membrane of the sperms and recording very low percent of antioxidant enzymes which clarify the alterations occurred in the sperm functions, motility impairment and may have deleterious effect on the spermatozoa development.
The defense antioxidant system consists of some antioxidant enzymes as SOD, GPx and CAT [31] . The current study reported that MSG caused significant decrease in SOD, CAT and GPx activities and these findings are in accordance with Hamza et al. [5] who demonstrated a significant amelioration in both SOD and GPx after administration of MSG in combination with antioxidant compound. These enzymes also have a noticeable effect in keeping the antioxidant pathway balance and the testicular tissues that have higher antioxidant enzyme levels [32] .
The testis is the critical organ that is exposed heavily to oxidative stress due to its membrane polyunsaturated lipids high contents [33] .
MSG may also effect on the male reproductive function [34] . In this study MSG caused several histological and ultrastructural changes like spermatogenic arrest, edema, and hypospermia and azospermia, it may be related to oxidative effects of MSG on testis cell membrane and also testis tissues damages.
Additionally, severe oxidative injury resulted from MSG exposure in two doses that could lead to DNA damage, the comet assay was used to evaluate DNA damage and strand breaks [24] , this is greatly in accordance with the present results as the two groups treated with MSG-LD and MSG-HD induced DNA damage as appeared clearly.
DNA damage which resulted in an oxidative injury is one of the important bio-monitoring parameters on the effect of dietary antioxidants on the human's health [35] , as comet assay is excessively used for measuring the oxidative DNA damage [36] and this was observed also in increasing 8-OHDG levels in MSG groups while damaged DNA breaks are revealed.
The results are consistent with Hamid et al. [37] who demonstrated that trend of research is now being directed towards synthesis and application of Se NPs. due to its higher biological activity and lower toxicity compared to selenium ions. Fig. 3 . Comet images of cells derived from the testicular tissues of different treated groups. control group cells derived from testis showed intact nuclei and rounded cell with no tail (Fig. 3A) . The SeNPs-treated group showed nuclei in intact form with undamaged DNA (Fig. 3B) . MSG-LD group showed damaged DNA strand breaks and the cell contains a head like a comet, and with tail appear as hollow area (Fig. 3C) . MSG-HD clarified the appearance of highly degree of damage with a lot of apoptotic cells (Fig. 3D) . MSG-LD + SeNPs revealed amelioration of the cells as with a few record in the percent of damaged DNA (Fig. 3E) . MSG-HD + SeNPs showed more percent of intact form of DNA and less count of comet cells (Fig. 3F) .
Selenium has ameliorated all the biochemical parameters and antioxidant enzyme capacities and this come in agreement with Surhio et al. [38] who demonstrated that selenium is an essential mineral for human's good health and is required in many biological functions.
Selenium is an essential part of the strong antioxidant defense system in human body. Its nutritional deficiency causes failure of organ system, immune dysfunctions, cancer, cardiac diseases [39] .
These results were similar to those of Abu El-Zahab et al. [39] who demonstrated that Se improved the testicular parameters to be identical to control levels after treatment by cadmium. Se ameliorated the reduction in the reproductive organs weights, sperm characteristics.
Additionally, Se has a positive effect on ejaculate volume and semen quality in goats [40] ,glutathione and glutathione-related enzymes are involved in the metabolism and detoxification of cytotoxic and carcinogenic compounds as well as ROS [41] .
After administration of Se, serum testosterone level was significantly increased parallel to the reduction in LPO concentration, this could be attributed to a relationship between steroidogenesis and ROS [42] , the improvement in the histological structure of testes, epididymis and accessory sex glands was correlated to the potential role of Se in scavenging ROS generated by MSG.
The histopathological studies revealed the improvement in the testis structure in comparison with MSG-groups in two doses either low or high and thus, the current finding is in agreement with Hamza and AlHarbi [13] who investigated that MSG-treated group in high dose showing few sperm number, additionally, the current results suggest that group treated with MSG in either (LD or HD) afforded a significant protection for the sperm formation qualities and this reinforced the antioxidant abilities of SeNPs in mitigating the reproductive toxicity induced by MSG either (HD or LD) dose.
The current histological findings of the testicular tissues were greatly reinforced by Alalwani et al. [34] who revealed the disorganization of the spermatogenic cells in the seminiferous tubules with irregular basement membrane and some leydg's cells necrosis and edema that is linked with the cellular infiltration in MSG -treated group which is approved by the current finding.
Apoptosis is known as the programmed cell death and it is characterized by cellular changes and biochemical variations that make the cell to be as a suicide bag [43] , an altered apoptotic process has been noticed in MSG groups' testis tissues.
In the current study, SeNPs clarified a significant protective effect against MSG. This may be due to MSG-impaired absorption or due to the high potent antioxidant effect of SeNPs [44] . SeNPs may prevent oxidative injury to the membrane lipids by protecting the cellular membranes from oxidative stress [45] .
The current finding are in complete accordance with Zanfirescu et al. [46] who reported in their review some morphological changes in testes, as well as sperm abnormalities in adult male rats following the intraperitoneal MSG administration and this may be due to the excessive production of free radicals and incidence of oxidative injury, taking into consideration the high doses used which reflects the importance of the high dose used in this study to clarify the effect of excessive use of MSG on reproductive capacities.
In accordance with the genotoxicity test that clarified deleterious genotoxic effect of MSG in two doses either (LD or HD) that was a consequence of generating of more free radicals as previously reported by Hassan et al. [47] who clarified that the free radical generation leads to DNA damage, protein degradation, LPO and finally culminating into damage to various vital tissues like liver, kidney and brain.
Conclusion
MSG in two doses either (LD or HD) increased the oxidative injury markedly in testicular tissues, that leading to the disruption and impairment of the testicular histological characteristics. MSG down regulated the antioxidant enzymes, and up regulated the lipid peroxide biomarkers. The present study confirmed that SeNPs have protective role on the reproductive capacity against MSG that afforded a reproductive toxicity, It's enhancement role of the structural and biochemical parameters were parallel with the improvement role of the cellular structure. Therefore, we need to increase the public awareness about the toxic effects of MSG on reproductive capacities and the possible ameliorative role of SeNPs as potent antioxidant.
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